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(54) A bistable SCR-like switch for ESD protection of silicon-on-insulator integrated circuits 



(57) A bistable SCR-like switch (41 ) protects a sig- 
nal line (65) of an SOI integrated circuit (40) against 
damage from ESD events. The bistable SCR-like switch 
(41) is provided by a first and a second transistors (42 
and 44) which are formed upon the insulator layer (46) 
of the SOI circuit (40) and are separated from one an- 
other by an insulating region (60). Interconnections (62 
and 64) extend between the two transistors (42 and 44) 
to connect a P region (62) of a first transistor (42) to a 
P region (54) of the second transistor (44) and an N re- 
gion (50) of the first transistor (42) to an N region (58) 
of the second transistor (44). The transistors (42 and 
44) may be either bipolar transistors or enhancement 



type MOSFET transistors. For bipolar transistors, the 
base of an NPN transistor (42) is connected to the col- 
lector of a PNP transistor (44) and the base of the PNP 
transistor (44) is connected to the collector of the NPN 
transistor (42). MOSFET transistors are similarity con- 
nected, with the intermediate portion of the P-well (43) 
forming channel region of the N-channel transistor (42) 
connected to the drain of the P-channel transistor (44), 
and the N-well (45) forming the channel region of the P- 
channel transistor (44) connected to the drain of the N- 
channel transistor (42). Resistors (72 and 74) can be 
connected between the two transistors (42 and 44) to 
determine the trigger and holding voltages for the bist- 
able SCR-like switch (41). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates in general to electro- 
static discharge protection lor electronic circuits, and in 
particular to a bistable SCR-like switch for providing 
electrostatic discharge protection for integrated circuits 
fabricated with SOI technology. 



BACKGROUND OF THE INVENTION 



Prior art electrostatic discharge (ESD) protection 
devices have been utilized for protecting integrated cir- 
cuits from being damaged by the high voltage of ESD 
events. Silicon controlled rectifier (SCR) circuits have 
emerged as the preferred mode of protecting integrated 
circuits from ESD events. An SCR is a device which can 
quickly switch from a high impedance blocking mode to 
a low impedance shunting latch mode when ESD events 
are encountered. SCRs are fabricated as an integral 

oart of the integrated circuits. 

Recent advances in integrated circuits have includ- 
ed the further development of silicon-on-.nsulator (SOI) 
technology, in which an insulator layer is embedded 
within a substrate and extends beneath the act've re. 
gions of an integrated circuit. A problem arise ; since 
SCRs the preferred device for protecting against ESD 
events in integrated circuits, are not suitable for use in 
SOI integrated circuits. Prior art SCRs typically included 
two transistors, a PNP transistor and an 
which were formed into a substrate, such as a P-type 
substrate. The substrate provided a common r g 
be » transistors, providing th, base ol on. Ir.nssto 
and the collector of the other transistor. Prwr art SCRs 
also typically included a well, such as an N-well, which 
also provided a common region of the two transistor^ 
providing the base of one transistor and the collecto 
the otheMransistor. This arrangement of shared regions 
between the PNP and NPN transistors caused prior art 
SCRs to go from a nonconductive, blocking mode when 
a trigger voltage was applied to the SCRs, to latch n a 
conductive, shunting mode until the voltage applied 
thereto fell beneath a holding voltage. Prior art SCRs 
can not readily be realized in SOI circuits since the por- 
tion of the substrate above the embedded insulator layer 
is relatively thin such that field oxide insulat ^ s ^ ,e " d 
through the top layer of substrate to the embedded in 
sulatoM layer. Also" N + and P + regions typically 
through the top layer of substrate such that embedded 
resistors cannot be formed between doped regions sep- 
arated by another doped region. 

SUMMARY OF THE INVENTION 

The present invention disclosed and claimed herein 
describes a bistable SCR-like switch for protecting a sig- 
nal line of an SOI integrated circuit against damage from 



ESD events. The bistable SCR-like switch is provided 
by two separate transistors which are formed upon an 
insulator without having a common, shared semicon- 
ductor region that provides an active portion for each of 
s fhe Snsfstors. Both of the transistors are formed rn an 
upper layer substrate overlying an insulating oxide lay 

olthe SOI circuit, with the two transistors separated fro 

one another by an insulating, field re 9 ion J n ^ n X 
tions extend between active portions of the two t ansis 
io tors, such that an ESD event will cause thabist ^ e £ 
switch to go from a high impedance blocking mode to a 
wtmpino, shunling «h mod.. First art seccrt 
resistors are interconnected between the two i tramustoi re 

to determine trigger and holding voltages for the bistabl 

is SCR-like switch. i — tUn turn 



SCR |nanoS aspect of the present invention the two 
transistors are bipolar transistors, with one betng a 
NPN transistor and the other being a PNP transistor, 
both ol which are formed upon the oxide insuteting^ayer 
20 The emitter of the PNP transistor provides an anode fo 
the bistable SCR-like switch and is connected to a signal 
line of the SOI circuit being protected. A first mtercon- 
nect°extends between the base of the PNP trans.tor 
and the coliector of the NPN transistor. A^ond'me- 
25 connect extends between the collector of ' he P ^ n 
sistor and the base of the NPN transistor. The emitter ol 
the NPN transistor provides a cathode tor th 
bistable switch and is connected to a ground reference^ 

A first resistor has one end connected to the e " rttar 
so the PNP transistor and the other end connected to the 
collector of the NPN transistor, and the second res^ 
has a first end connected to the collector of the PNP 
transistor and a second end connected to the emitter of 
the NPN transistor to determine the trigger voltage an 
* r, rt»g voltage Io, me bistable SCR«e e-cb 

brief description of the drawings 

For a more complete understanding of the present 
40 invention and the advantages thereof, reference is now 
made to the following description taken in con|unct.on 
with the accompanying Drawings in which. 

FIGURE 1 illustrates a cross-sectional view of a pri- 
45 or art SCR included in an integrated circuit, 

FIGURE 2 illustrates a schematic diagram of the pr 

or art SCR depicted in FIGURE 1 , 

FIGURE 3 illustrates a sectioned perspective view 
of a bistable SCR-like switch fabricated according 

so to the present invention; 

FIGURE 4 illustrates a cross-sectional view of he 
bistable SCR-like switch of the integrated circuit o 
FIGURE 3, taken along section line 4-4, 

FIGURE 5 illustrates a schematic dia 9™" ° ® 

55 bistable SCR-like switch depicted in FIGURES 3 

FIGURE 6 illustrates a cross-sectional view ol a 
semiconductor substrate during formation of the N- 
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channel transistor, LDD implant; 

FIGURE 7 illustrates a cross-sectional view of the 
semiconductor substrate during formation of the P- 
channel transistor, LDD implant; 

FIGURE 8 illustrates a cross-sectional view of the 
semiconductor substrate during formation of the 
source/drain regions in the N-channel transistors; 
and 

FIGURE 9 illustrates a sectional view of the semi- 
conductor substrate during formation of the source/ 
drain regions in the P-channel transistors. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIGURE 1, there is illustrated a 
cross-sectional view a silicon controlled rectifier (SCR) 
10 of a prior art integrated circuit 12. Integrated circuit 
12 is formed with a substrate 14, which is preferably a 
P-substrate. An N-well 16 is disposed within the sub- 
strate 14. A P+ region 18 and an N+ region 20 are de- 
fined within the N-well 16. The P+ region 18 and the N+ 
region 20 are both connected to a signal line 26 of the 
integrated circuit 12 which is being protected. An N+ re- 
gion 22 is disposed in the P-substrate 14, spaced apart 
from the N-well 16. AP+ region 24 is formed within the 
P-substrate 14, on an opposite side of the N+ region 22 
from the N-well 16. The P+ region 24 is spaced apart 
from the N-well 16 such that the portion of the P-sub- 
strate 14 therebetween will provide a resistance R p . Al- 
so, the N+ region 20 is spaced apart from the junction 
between the P-substrate 14 and the N-well 16 such that 
the portion of the N-well 16 disposed therebetween pro- 
vides a resistance R N . The N+ region 22 and the P+ re- 
gion 24 are both connected to a cathode node C, which 
is connected to a ground reference. 

Referring now to FIGURE 2, there is illustrated a 
schematic diagram of the SCR of the integrated circuit 
12 depicted in FIGURE 1. The SCR 10 is comprised of 
a PNP transistor 28 and an NPN transistor 30. The emit- 
ter of the transistor 28 is connected to the anode A, 
which is connected to a pad of the signal line 26. The 
base of the transistor 28 is connected to the collector of 
the transistor 30. The base of the transistor 30 is con- 
nected to the collector of the transistor 28. The emitter 
of the transistor 30 is connected to the cathode of the 
SCR, which cathode is labeled "C", and is connected to 
a ground reference voltage. One end of a resistor 32 of 
resistance R N is connected to the collector of the tran- 
sistor 30 and the base of the transistor 28. The other 
end of the resistor 32 is connected to the emitter of the 
transistor 28. One end of a resistor 34 of resistance R p 
is connected to the collector of the transistor 28 and the 
base of the transistor 30. The other end of the resistor 
34 is connected to the emitter of the transistor 30, which 
is connected to cathode C. The resistance R N of resistor 
32 and the resistance R p of resistor 34 are selected to 
determine the trigger voltage and the holding voltage of 
the SCR. 



As illustrated in FIGURES 1 and 2, the resistance 
R p of the resistor 34 is determined by the spacing be- 
tween the P+ region 24 and the N+ region 22, and the 
level and type of dopants disposed in the portion of the 
5 P-substrate 14 extending therebetween. The resistance 
R n of the resistor 32 is determined by the spacing be- 
tween the N+ region 20 and the P+ region 18, and the 
level and type of dopants disposed in the region of N- 
well 1 6 extending therebetween. The transistor 28 com- 
prises an emitter provided by the P+ region 18, a base 
provided by the N-well region 1 6, and a collector provid- 
ed by the P-substrate 14. The transistor 30 comprises 
an emitter provided by the N+ region 22, a base provid- 
ed by the P-substrate 14, and a collector provided by 
the N-well 16. The transistor 28 and the transistor 30 
share a first common semiconductor region, the N-well 
1 6, which provides the base for the transistor 28 and the 
collector for the transistor 30. The transistors 28 and 30 
share a second common semiconductor region, the P- 
substrate 1 4, which provides the collector of the transis- 
tor 28 and the base of the transistor 30. 

Referring now to FIGURE 3, there is illustrated a 
perspective sectioned view of a bistable SCR-like switch 
representing the preferred embodiment of the present 
invention. This is generally referred to as an integrated 
circuit 40. For illustrative purposes, the upper intercon- 
nect layer is not illustrated, this being illustrated herein- 
below. A P-type substrate 41 is provided which has 
formed therein an insulating layer 46. The insulating lay- 
er 46 is an implanted layer formed according to silicon- 
on-insulator (SOI) technology techniques. This results 
in an upper layer of unoxidized substrate overlying the 
oxide layer 46. This upper layer substrate is the layer in 
which the active circuits are formed, this upper layer of 
substrate being between 0.01- 1.0 microns thick. 

There are two active regions defined therein, an ac- 
tive region 43 and an active region 45. These active re- 
gions are defined by first masking off the upper layer of 
substrate and implanting P-type impurities to form the 
region 43 and then masking off the implanted N-type re- 
gions 43 and implanting N-type impurities to form N-type 
regions, the region 45. These, of course, at this point in 
the process are adjacent regions. Thereafter, field oxide 
regions 60 are formed to separate the active regions 43 
and 45. This is achieved with conventional field oxide 
techniques utilizing either a LOCOS isolation process 
or a trench isolation process, both of these being con- 
ventional processes. 

Once the active regions 43 and 45 are defined, the 
next step of the process will be to form transistors there- 
in. In general, N-channel transistors are formed in the 
P-type region 43 and P-channel transistors in the N-type 
region 45. It should be understood that there are a plu- 
rality of P-type regions 43 on the substrate and a plural- 
ity of N-type regions 45. These, of course, are utilized 
to fabricate the other logic circuitry associated with the 
overall integrated circuit. 

For the SCR of the present invention, there are 
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formed in the P-type region 43 two N+ regions 48 an 
50 separated by a gate electrode 49. This gate electrode 
49 as will be described hereinbelow, is a dummy gate 
electrode, provided such that the N+ regions 48 and 50 
are formed with the source/drain process associated 
with conventional transistor technology. In a similar 
manner, a P-channel transistor 44 is formed in the N- 
type region 45. This results in a P+ region 54 and a P+ 
reqion 56 formed therein separated by a channel region 
over which a gate electrode 57 is disposed, this gate 
electrode 57 being a dummy gate electrode. This there- 
fore results in a P-channel transistor 44 being lormed in 
the N-type region 45 and an N-channel transistor 42 

formed in the P-type region 43. 

In addition to the transistors 42 and 44 formed in 
the regions 43 and 45, respectively, a P+ contact region 
52 is formed within the P-type region 43 and an N+ con- 
tact region 58 is formed in the N-type region 45. Also, it 
is noted that the N+ regions 48 and 50 do not extend 
along the entire length of the P-type region 43 and, sim- 
ilarly the P+ regions 54 and 56 do not extend along the 
entire length of the N-type region 45. They are utilized, 
rather, for the purpose of forming bipolar transistors in 
each of the respective regions 43 and 45, as will be de- 
scribed in more detail hereinbelow. This structure re- 
sults in connecting portions 51 and 53 of the p ‘j y P e r ® 
qion 43, and connecting portions 55 and 59 of the N- 
type region 45 for connecting the P+ contact region52 
and the N+ contact region 58 to respective ones of the 
channel regions extending between corresponding 
ones of the N-type regions 48 and 50, and the P-type 
reqions 54 and 56. Preferably, the connecting portions 
51 and 53 of P-type region 43 extend on opposite sides 
of the Source/Drain N+ regions 48 and 50, with the 
lengths of the N + regions 48 and 50 extending therebe- 
tween to space apart portions 51 and 53. Likewise, the 
connecting the portions 55 and 59 of N-type region 45 
preferably extend on opposite sides of the Source/Dra 
P + regions 54 and 56, with the portions 55 and 59 also 
being spaced apart by the lengths of P+ regions 54 and 
56 Further, the gate electrodes 49 and 57 are dummy 
electrodes and do not need to extend up over the field 

isolation region 60. . t . Q 

Referring now to FIGURE 4, there is illustrated a 

more detailed cross-sectional view taken along section 
4-4 of FIGURE 3. It can be seen that the N+ regions 48 
and 50 extend down to the oxide layer 46. Prior to 
processing, of course, the oxide layer 46 was formed by 
a conventional process such as a SIMOX process, 
which is operable to implant oxygen into the substrate 
which is then annealed such that the oxygen will oxidize 
a portion of the substrate 41 and lorm the layer 46^ How- 
ever, it is noted that the thickness of the upper substrate 
layer in which the transistors 42 and 44 are formed is 
relatively thin, on the order of 0.01- 1.0 microns. As 
such, when the N+ regions 48 and 50 and the P+ regions 
54 and 56 are formed, they typically will extend down- 
ward through the upper layer of the substrate 41 to con- 



tact the oxide layer 46. Therefore, if the N+ regions48 
and 50 and the P + regions 54 and 56 extended the entire 
length of the respective regions 43 and 45, there w°u 
be no communication between the P type and the N type 
s dummy channel regions underlying the channels ex- 
tending between respective ones of the N+ regions 48 
and 50 and the P+ regions 54 and 56, respectively, an 
the remainder of corresponding ones of the P region 1 4 
and the N region 45. As such, it is important to note that 
io for the purposes of forming the SCR-like bistable switch 
of the present invention, that the N+ regions 48 and 50 
and the P + regions 54 and 56 do not extend along the 
entire length of the associated regions 43 and45. Addi- 
tionally, it is noted that the P+ region 52 and the N+ re- 
ts qion 58 extend downward to contact the oxide layer . 

In subsequent processing steps, an upper level in- 
terconnect layer is formed. This layer can be forme in 
a conventional manner by first forming vias through a 
layer of inner level oxide and then depositing a metal 
20 layer thereon and patterning the metal layer. From an 
interconnection standpoint, a cathode "C“ is formed 
which is interconnected to the N + region 48 and the ga e 
electrode 49. The N+ region 50 is connected to the N+ 
reqion 58, which is lormed in the N-type region 45, y 
?s an interconnect 64. The P+ region 54 and the P+ region 
52 which is formed in the P-type region 43, are connect- 
ed together by an interconnect 62. The gate electro > e 
57 of transistor 44 is connected to the P+ region 56, this 
constituting the anode of the SCR-like bistable switch, 

30 this anode being connected to a pad 65. 

Referring now to FIGURE 5, there is illustrated a 
schematic diagram of the SCR-like bistable switch of the 
present invention. A PNP transistor 70 has the emitter 
thereof connected to the pad 65 on the anode, the anode 
35 represented by a node 74, the base thereof connected 
to a node 76 and the collector thereof connected to a 
node 78. A resistor 72 has one end connected the node 
74 and the other end connected to the node 76. An NPN 
transistor 82 has the collector thereof connected to node 
40 76 the base thereof connected to node 78 and the emi - 
ter thereof connected to the cathode, which is represent- 
ed by a node 80, the cathode being connected to ground 
and the anode typically connected to input signal line, 
represented by pad 65. A resistor 75 has one end con- 
45 nected to the node 78 and the other end connected to 
the node 80. 

The PNP transistor 70 is formed in the N-type region 
45 The P+ region 56 comprises the emitter and the P+ 
reqion 54 comprises the collector, whereas the N-type 
so material of the region 45 comprises the base, the base 
basically existing in the “dummy channel region of the 
transistor 44. In a similar manner, the NPN transistor 82 
is formed within the P-type region 43, wherein the emit- 
ter thereof is formed by the N+ region 48, the collector 
ss region formed by the N + region 50 and the base region 
being formed within the P-type material of the region «. 
The N+ regions 48 and 50 must be configured such that 
they do not confine the dummy channel region dispose 
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therebetween from the remainder of the P-type region 
43. This is such that the base thereof can be interfaced 
with the P+ region 52. Since the upper level portion of 
the substrate overlying the oxide layer 46 is relatively 
thin and the N+ regions 48 and 50 extend downward 
thereto, it is necessary that there be a conductive path 
around the regions 48 and 50. 

Unlike the prior art, the resistor 72 and the resistor 
75 are not formed in active regions of the transistors 42 
and 44 of the preferred embodiment. The resistor 72 is 
not formed in the N-type region 45 between the N+ re- 
gion 58 and the base of the PNP transistor 70 in the 
dummy channel region underlying the gate electrode 
57. Similarly, the resistor 75 is not formed in the P-type 
region 43 between the P+ region 52 and the base of the 
NPN transistor 82 in the dummy channel region under- 
lying the gate electrode 49. Rather, the resistors 72 and 
75 are provided external to the transistors 42 and 44, 
such as by being formed in doped portions of active re- 
gions other than those active regions in which transis- 
tors 42 and 44 are formed. The resistors 72 and 75 can 
be formed in other active regions 66 and 68 as diffused 
resistors or in the poly layer as poly resistors, with the 
interconnect layer providing an interconnect thereto. It 
should be also be noted that the gate electrodes 49 and 
57 are not required and, therefore, they could be re- 
moved from the substrate after formation thereof. How- 
ever, in order to form the N+ regions 48 and 50 and the 
P+ regions 54 and 56, the gate electrodes 49 and 57 
are required as a masking step, this being a convention- 
al transistor formation process. 

Referring now to FIGURE 6, there is illustrated a 
cross-sectional diagram of a substrate for forming the 
bistable SCR-like transistor of the present invention. 
The substrate, described above, is a P-type substrate 
which is referred to by reference number 92. An oxide 
layer 94 is formed therein with an implantation method, 
such as the SIMOX method described above. This will 
result in an overlying layer of silicon above the oxide 
layer 94. Thereafter, as also described hereinabove, 
masking techniques are utilized in conjunction with im- 
plantation techniques to form P-well regions 1 02 and N- 
well regions 100. Trench isolation techniques or LOCOS 
field oxide techniques are utilized to isolate the regions 
100 and 102 with an isolation oxide region 98, noting 
that this region 98 extends downward to the oxide layer 
94 and becomes a part thereof. Thereafter, a layer of 
polycrystalline silicon is deposited on the substrate as 
aconformal layer andthen patternedtoformagate elec- 
trode 108 within region 102 and a gate electrode 109 
within region 100. Prior to forming the conformal layer 
of polysilicon, a layer of gate oxide 106 is deposited, 
such that the resulting gate electrodes 108 and 109 are 
separated from the substrate thereby. 

After formation of the gate electrodes 108 and 109, 
the N-well region 100 is masked off and an LDD implant 
performed within the P-well region, with the gate elec- 
trode 108 providing a mask. The next step is to mask 



off the P-region 102 and perform an LDD implant into 
the N-region 100, as illustrated in FIGURE 7. This re- 
sults in the formation of LDD regions 1 1 2 in the transistor 
formed in region 102 and LDD regions 116 in the tran- 
5 sistor formed in the region 100. In the next step of the 
process, as illustrated in FIGURE 8, sidewall oxide lay- 
ers 1 1 8 are formed on the vertical walls of the gate elec- 
trodes 108 and 109 with a conventional process. The 
sidewall oxide layers 118 provide spacers which are uti- 
io lized to space subsequent source/drain implants there- 
from. Once the sidewall oxide spacers 118 are formed, 
the N-region 1 00 is masked off and an implant of N-type 
impurities performed into the substrate on either side of 
the gate electrode 1 08, forming N+ source/drain regions 
15 122. Also, the N+ region 123 is formed in the N-type 
region 100 at the same time as the source/drain regions 
122 are formed in the P-type region 102. Thereafter, as 
illustrated in FIGURE 9, the region 102 is masked off 
and implants made into the region 100 to form P+ re- 
20 gions 1 26 on either side of the gate electrode 1 09. Also, 
a P+ region 128 is formed in the N-type region 102 at 
the same time the P+ source/drain regions 126 are 
formed in the region 100. 

It should be noted that the masking steps described 
25 above with reference to FIGURES 6-9, are conventional 
along the portion of the width of a transistor being 
formed which extends between and includes the 
Source/Drain regions of the transistor. For example, the 
region 100 is exposed in the masking operation to allow 
30 forming of the N+ Source/Drain regions 118 in the P- 
type region 1 02, with the gate electrode 1 08 defining the 
channel region therebelow in a self-aligned technique. 
However, these masking steps are not conventional 
along the length of the transistor being formed, and the 
35 portion of the width of the transistor which extends on 
at least one side of the Source/Drain regions for provid- 
ing connective portions of the regions of the substrate 
region in which the transistor is being formed. For ex- 
ample, with respect to differences in masking along the 
40 length of the transistor being formed, as depicted in FIG- 
URE 3, the connecting portions 51 and 53 of P-type re- 
gion 43 are disposed on opposite sides of the length of 
the N+ regions 48 and 50 of the transistor 42, and are 
provided by masking off portions 51 and 53 prior to N+ 
45 regions 48 and 50 being implanted. With respect to the 
width of the transistor being formed, the masking steps 
illustrated in FIGURES 6-9 differ from conventional 
masking techniques in that the portion of the region 102 
in which the P+ region 128 is formed is masked off as 
50 the N+ regions 122 are being implanted, as depicted in 
FIGURE 8, and the portion of the region 100 in which 
the N+ region 123 is formed is masked off as the P+ 
regions 1 26 are being formed, as depicted in FIGURE 9. 

Additionally, a portion of the region 102 is also 
55 masked off to provide a P-type region for later formation 
of the separating portion of the P-type region 102 dis- 
posed between the P+ region 1 28 and the most adjacent 
source/drain region 122. Also, along the length thereof, 
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the masking prevents the source/drain regions 122 and 
the LDD regions 112 from extending between the field 
oxide 98 boundaries along the length of the transistor. 
This provides for the above noted advantage of allowing 
the dummy channel regions to communicate with the re- 
maining of the regions in which they are formed. Further, 
the advantage is that the NPN and PNP transistors are 
formed in the same process as conventional MOS type 
transistors. One difference between a conventional 
SCR and the SCR-like bistable switch of the present in- 
vention is that the NPN and PNP transistors must be 
formed in separate and isolated active regions and 
therefore require an interconnect layer to form the entire 
SCR-like device. For this reason, it is not a true SCR. 

In summary, there is provided an SCR-like bistable 
switch which is formed utilizing SOI technology. In this 
technology, an NPN transistor and a PNP transistor are 
formed in separate active regions which are isolated 
from each other by field oxide regions and the underly- 
ing embedded oxide layer. This requires an upper inter- 
connect layer for interconnecting the two NPN and PNP 
transistors with the required resistances, which may be 
formed in other active regions. 

Although the preferred embodiment has been de- 
scribed in detail, it should be understood that various 
changes, substitutions and alterations can be made 
therein without departing from the spirit and scope of the 
invention as defined by the appended claims. 



Claims 



resistors in an SCR-like configuration. 

2. The ESD protection device of Claim 1 , wherein: 

5 said first bipolar transistor is formed by forming 

an MOS transistor in said first region with first 
source/drain regions formed of the second con- 
ductivity type material and the channel region 
thereof comprised of the first conductivity type 
to material, which said first source/drain regions 

form the collector and the emitter of said first 
bipolar transistor with the channel region there- 
of forming the base thereof; and 
said second bipolar transistor is formed by 
is forming an MOS transistor in said second re- 

gion with second source/drain regions formed 
of the first conductivity type material and the 
channel region thereof comprised of the sec- 
ond conductivity type material, wherein said 
so second source/drain regions comprise the col- 

lector and the emitter of said second bipolar 
transistor. 

3. The ESD protection device according to Claim 2, 
25 wherein said isolation structure completely isolates 

said first and second regions. 

4. The ESD protection device according to Claim 3, 
wherein said first and second source/drain regions 

30 extend vertically downward from the surface of the 
respective one of said first and second regions to 
said isolation structure. 



1 An ESD protection device lor protecting an active 
circuit fabricated in an SOI integrated circuit, which 
active circuit is connected to an ESD susceptible 
terminal, comprising: 

a first region of a first conductivity type; 
a second region of a second conductivity type 
opposite to said first conductivity type; an iso- *o 
lation structure for electrically isolating said first 
and second regions; 

a first bipolar transistor formed in said first re- 
gion with a base of said first conductivity type; 
a second bipolar transistor formed in said sec- 45 
ond region with a base of said second conduc- 
tivity type; 

a first contact of the first conductivity type ma- 
terial formed in said first region to allow the 
base of said first bipolar transistor to be con- so 
nected external to said first region; 
a second contact region of the second conduc- 
tivity type formed in said second region to allow 
the base of said second bipolar transistor to be 
connected external to said second region; and ss 
an interconnect structure external to said first 
and second regions for interconnecting said 
first and second bipolar transistors to external 



5. The ESD protection device according to Claim 4, 
wherein at least one of each of said first and second 
source/drain regions does not extend the entire 
length of the respective one of said first and second 
regions to allow conduction between the respective 
one of said first and second contacts and respective 
portions of said first and second regions defining 
said bases of respective ones of said first and sec- 
ond bipolar transistors which are disposed between 
respective ones of said first and second source/ 
drain regions. 

6. A bistable switch for ESD protection of an SOI inte- 
grated circuit having an insulator layer, comprising: 

a first transistor having a first P-type region con- 
nected to an anode, a second P-type region, 
and an intermediate N-type region disposed 
between and adjoining said first and second P- 
type regions, 

a second transistor which is separately dis- 
posed from said first transistor with an electrical 
isolation region therebetween, and having a 
first N-type region connected to a cathode, a 
second N-type region, and an intermediate P- 
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type region disposed between and adjoining 
said first and second N-type regions; 
wherein said intermediate P-type region is sep- 
arately disposed and electrically isolated from 
said first and second P-type regions by said iso- 5 

lation region and the insulator layer of the SOI 
integrated circuit, and said intermediate N-type 
region is separately disposed and electrically 
isolated from said first and second N-type re- 
gions by said isolation region and the insulator io 
layer of the SOI integrated circuit; 
a first interconnection electrically connecting 
said anode to a protected circuit of said SOI in- 
tegrated circuit; 

a second interconnection electrically connect- is 
ing said intermediate N-type region to said sec- 
ond N-type region; 

a third interconnection electrically connecting 
said intermediate P-type region to said second 
P-type region; 20 

a fourth interconnection electrically connecting 
said cathode to a region of the SOI integrated 
circuit for shunting ESD current passing 
through the bistable switch; and 
an externa! interconnect structure for intercon- 25 
necting said first and second transistors to ex- 
ternal resistors in an SCR-like configuration. 

7. The bistable switch according to Claim 6, wherein 
said first transistor is disposed within a P-well which 20 
is disposed upon an insulator of the SOI integrated 
circuit and said second transistor is disposed within 
an N-well disposed upon the insulator of the SOI 
integrated circuit. 

8. The bistable switch according to Claim 6, wherein: 

said first transistor is disposed within an N-well 
which is disposed upon the insulator layer of 
the SOI integrated circuit and said second tran- 40 
sistor is disposed within a P-well disposed upon 
the insulator layer of the SOI integrated circuit; 
and 

said N-well forms said intermediate N-type re- 
gion and said P-well forms said intermediate P- 45 
type region, with said N-well and said P-well 
completely isolated by said isolation region and 
said insulator layer. 

9. An SOI circuit, comprising: so 

an insulator layer extending within the SOI cir- 
cuit and having an insulator surface; 
a P-well disposed upon said insulator surface; 
a N-well disposed upon said insulator surface, 55 
spaced apart from said P-well; an electrical iso- 
lation region extending between said P-well 
and said N-well, and downward to said insulator 



surface; 

first and second N-type regions disposed within 
said P-well, with said first N-type region spaced 
apart from said second N-type region by an in- 
termediate region of said P-well; 
first and second P-type regions disposed within 
said N-well, with said first P-type region spaced 
apart from said second P-type region by an in- 
termediate region of said P-well; 
a first interconnection electrically connecting 
said first P-type region to a protected circuit of 
the SOI integrated circuit; a second intercon- 
nection electrically connecting said second P- 
type region to said P-well; 
a third interconnection electrically connecting 
said second N-type region to said N-well; 
a fourth interconnection electrically connecting 
said first N-type region to a discharge region of 
the sp\ integrated circuit for shunting current 
associated with an ESD event being applied to 
said protected circuit through said first and sec- 
ond P-type regions and said intermediate re- 
gion of said N-well, and through said first and 
second N-type regions and said intermediate 
region of said P-well, to said discharge region 
of the SOI integrated circuit; 
fifth and sixth interconnections for connecting 
said first P-type region to one side of a first ex- 
ternal resistive device, and said N-well to the 
other side of the first external resistive device; 
and 

sixth and seventh interconnect ions for connect- 
ing said first N-type region to one side of a sec- 
ond external resistive device, and the other side 
25 of the second external resistive device to said 

P-well. 

10. A method for fabricating an SOI integrated circuit 
having ESD protection, comprising the steps of: 

providing a semiconductor layer and subsur- 
face insulator layer disposed beneath the sem- 
iconductor layer, with the semiconductor layer 
having at least two ESD active regions and a 
plurality of MOS transistor active regions de- 
fined therein and separated by isolation re- 
gions, one of the ESD active regions being an 
ESD N-well and the other of the ESD active re- 
gions being an ESD P-well with the transistor 
active regions being transistor N-wells and P- 
wells; 

introducing P-type impurities into two portions 
of the N-well to define first and second P-type 
regions which are separated by an intermediate 
portion of the N-well, wherein the first and sec- 
ond P-type regions are formed in accordance 
with the formation of source/drain regions in the 
transistor active regions and are separated 
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therefrom by a channel region; 
introducing N-type impurities into two sections 
of the ESD P-well to define first and second N- 
type regions which are separated by an inter- 
mediate portion of the P-well, wherein the first s 
and second N-type regions are formed in ac- 
cordance with the formation of source/drain re- 
gions in the transistor active regions and are 
separated therefrom by a channel region; and 
interconnecting the second P-type region to the io 
ESD P-well, the second N-type region to the 
ESD N-well, the first P-type region to a protect- 
ed circuit of the SOI integrated circuit, the first 
N-type region to one side of a first external re- 
sistor, the other side thereof to the ESD P-well, is 
the first P-type region to one side of a second 
external resistor, the other side thereof to the 
ESD N-well, and the first N-type region to a dis- 
■ charge region of the SOI integrated circuit for 
discharging current associated with ESD 20 
events from the signal line, through the ESD N- 
well and the ESD P-well to the discharge region 
of the SOI integrated circuit. 

The method according to Claim 1 0, further compris- 25 

ing the steps of: 

forming a first gate electrode above the inter- 
mediate portion of the ESD N-well, the first gate 
electrode being formed in accordance with the 30 
formation of gate electrodes in the transistor 
active regions; 

forming a second gate electrode above the in- 
termediate portion of the ESD P-well, the sec- 
ond gate electrode being formed in accordance 35 
with the formation of gate electrodes in the tran- 
sistor active regions; 

connecting the first gate electrode to the first P- 
type region of the ESD P-well; and 
connecting the second gate electrode to the 40 
first N-type region of the ESD N-well. 



tivity type; 

forming a first contact of the first conductivity 
type material in the first region to allow the base 
of the first transistor to be connected external 
to the first region; 

forming a second contact region of the second 
conductivity type in the second region to allow 
the base of the second bipolar transistor to be 
connected external to the second region; and 
forming an interconnect structure external to 
the first and second regions for interconnecting 
the first and second bipolar transistors to exter- 
nal resistors in an SCR configuration. 

13. The method according to Claim 12, wherein: 

the step of forming the first bipolar transistor 
comprises forming an MOS transistor in the first 
- region with source and drain regions formed of 
the second conductivity type material and the 
channel region thereof lormed of the first con- 
ductivity type material, which source and drain 
regions form the collector and emitter of the first 
bipolar transistor with the channel region there- 
of forming the base thereof; and 
the step of forming the second bipolar transistor 
comprises forming an MOS transistor in the 
second region with source and drain regions 
formed of first conductivity type material and 
the channel region thereof formed of the sec- 
ond conductivity type material, wherein the 
source and drain regions comprise the collector 
and emitter of the second bipolar transistor. 

1 4. The method according to Claim 1 3, wherein the iso- 
lation structure completely isolates the first and sec- 
ond regions. 

15. The method according to Claim 14, wherein the 
source/drain regions are formed to extend vertically 
downward from the surface of the respective one of 
the first and second regions to the isolation struc- 



12. A method of fabricating an ESD protection device 
for protecting an active circuit fabricated in an SOI 
integrated circuit, which active circuit is connected 
to an ESD susceptible terminal, comprising the 
steps of: 

forming a first region of a first conductivity type; 
forming a second region of a second conduc- so 
tivity type opposite to the first conductivity type, 
forming an isolation structure between the first 
and second regions for electrically isolating the 
first region from the second region; 
forming a first bipolar transistor in the first re- 55 
gion with a base of the first conductivity type; 
forming a second bipolar transistor in the sec- 
ond region with a base of the second conduc- 



ture. 

45 16. The method according to Claim 15, wherein at least 

one of the source/drain regions in each of the first 
and second regions are formed such that they do 
not extend the entire length of the respective ones 
of the first and second regions to allow conduction 
between the region between the source/drain re- 
gions and the respective ones of the first and sec- 
ond contacts. 

17. A method for fabricating a SOI integrated circuit 
having ESD protection, comprising the steps of: 

providing a semiconductor layer and subsur- 
face insulator layer disposed beneath the sem- 
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iconductor layer, with the semiconductor layer 
having isolation regions which define two active 
regions, one being an N-well and the other be- 
ing a P-well which are separated by a portion 
of the isolation regions; 
forming a gate oxide above the N-well and the 
P-well; 

forming a first gate electrode above the inter- 
mediate portion of the P-well; 
forming a second gate electrode above the in- 
termediate portion of the N-well; 
performing a drain/source implant in two por- 
tions of the N-well with P-type impurities to de- 
fine first and second P-type regions which are 
separated by an intermediate portion of the N- 
well; 

performing a drain/source implant in two sec- 
tions of the P-well with N-type dopants to define 
first and second N-type regions which are sep- 
arated by an intermediate portion of the P-well; 
introducing P-type dopants into the portions of 
the first and second P-type regions of the N- 
well which are aside of the gate electrodes, and 
in a region of the P-well which is spaced apart 
from the first and second N-type regions, to de- 
fine P+ regions; 

introducing N-type dopants into the portions of 
the first and second N-type regions of the P- 
well which are aside of the gate electrodes, and 
in a region of the N-well which is spaced apart 
from the first and second P-type regions, to de- 
fine N+ regions; 

interconnecting the first gate electrode to the 
first P-type region of the P-well; 
interconnecting the second gate electrode to 
the first N-type region of the N-well; 
interconnecting the first P-type region to one 
side of a first external resistor, and the other 
side of the first external resistor to the N-well; 
interconnecting the first N-type resistor to one 
side of a second resistor, and the other side of 
the second resistor to the P-well; and 
forming interconnections to electrically connect 
the second P-type region to the P-well, the sec- 
ond N-type region to the N-well, the first P-type 
region to a signal line circuit of the SOI integrat- 
ed circuit, and the first N-type region to a 
ground reference of the SOI integrated circuit 
for discharging ESD events from the protected 
circuit, through the N-well and the P-well to the 
discharge region of the SOI integrated circuit. 
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